Introduction
Prior to the pasteurization of milk, abdominal tuberculosis (ATB) was not uncommon in the UK. However, recent surveillance from UK centres with high incidences of tuberculosis (TB) have found that ATB is relatively common in migrant populations. 1, 2 They concluded that ATB was a great mimic and that early surgical intervention assisted in the diagnosis.
Peterborough has one of the highest rates of TB in the East of England: the incidence of active TB in 2010 was 28.0 per 100 000 population compared with 6.3 per 100 000 population in the East of England and 15.1 per 100 000 population in England overall. 3 Approximately 40% of TB treated in Peterborough is extra-pulmonary, the most common sites being cervical, supraclavicular or submandibular lymph nodal disease. This pattern of TB disease is seen predominantly in the Asian community. However, we recently noted an increase in cases of ATB; none were reported between 2000 and 2005.
We sought to review the epidemiology, management and outcome of all cases of ATB diagnosed in our population.
Methods Setting
Peterborough and Stamford Hospitals NHS Foundation Trust is a district hospital with 600 beds serving a population of 450 000 people in Cambridgeshire, England.
Study design and patients
All adults aged 18 years and above diagnosed with ATB between January 2008 and September 2011 in Peterborough and Stamford Hospitals NHS Foundation Trust were retrospectively evaluated with regard to their presentation history, related medical history, investigation, management and outcomes.
Variables
Demographic data (age, sex and ethnic background) and clinical information, including medical history, symptoms and signs (including duration), mode of presentation, physical findings, laboratory, therapeutic methods and outcomes were reviewed from the medical and nursing notes and analysed.
Definitions
ATB was defined as infections of the gastrointestinal tract, peritoneum or intra-abdominal solid organs caused by Mycobacterium tuberculosis. 4, 5 Diagnosis of ATB was made based on the presenting clinic features and one of the following criteria: (i) positive culture of M. tuberculosis from abdominal organ tissue or peritoneal fluid; (ii) positive acid-fast bacilli (AFB) stain from biopsies and (iii) histopathological demonstration of TB. Statistical analysis was conducted using SPSS v. 16 . A t-test was used to determine statistical significance for continuous data. Approval for the study was sought and obtained from the Trust audit committee and categorized as surveillance.
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Results
Seventeen patients (nine male; 52.9%) were diagnosed with ATB in the study period. Their ages ranged from 23 to 74 years (mean of 40.7 years). All the patients were from (or descended from) high-risk ethnic groups as shown in Table 1 . The median duration of stay in the UK prior to diagnosis of gastrointestinal TB was 9 years (range: 3-50 years). Two patients had been born in the UK.
With regard to infection sites; the peritoneum was the most frequently infected site (n = 5), followed by the ileo-caecal valve (5), small intestine (4), retroperitoneum (due to psoas abscess n = 3), colon (2) and liver (1) (Figure 1 ). Two patients had co-existent ileo-caecal valve and ileal disease and one patient had co-existing ileo-caecal and colonic disease. Three patients had ATB and pulmonary or pleural TB. Two of these patients had positive respiratory samples only (sputum and broncho-alveolar lavage) and one patient grew TB from peritoneal tissue but not from pleural fluid. Another patient had co-existent tuberculoma in the occipital region of the brain, two patients with psoas abscesses had vertebral involvement and one patient with ileal TB had submandibular lymph node involvement. The most common clinical manifestations were abdominal pain (70.6%), weight loss (58.8%), diarrhoea (47.1%), pyrexia (41.2%) and abdominal distension (35.3%) (Figure 2 ). Patients were symptomatic prior to presentation for between 2 weeks and 12 months (median: 3 months). Twelve (70.6%) presented to the emergency department (eight under surgery, four under the physicians), three were seen in gastroenterology outpatients and two in respiratory outpatients.
In total, 15 (88.2%) patients had a sample sent to microbiology. One patient (5.9%) was smear positive and 9 patients (52.9% of total; 60% of those with a sample submitted for culture) were culture Granulomatous inflammation on histology (AFB smear negative).
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positive. Two isolates (11.8%) were isoniazid resistant and one (5.9%) was resistant to streptomycin. No rifampicin resistance was detected. All three patients who were tested by NAAT had a negative result but had suggestive histology (all were smear negative and two were culture negative). Treatment was nevertheless continued due to the clinical picture in all cases. Thirteen patients (76.5%) had an HIV test result documented in the notes, all of which were negative. None of the five patients with peritoneal disease had biochemistry performed on the isolate (for protein or glucose). IGRA testing was performed on two patients. One patient had a negative IGRA result but histology was highly suggestive, whereas another patient had two IGRA tests (initially negative before becoming positive). Histology was again highly suggestive. Both patients responded well to treatment. Co-morbidities were identified in all but two patients and included vitamin D deficiency (n = 5), skin diseases (n = 4), previous TB infection or contact (n = 3), psychiatric illness (n = 3), asthma (n = 2), diabetes mellitus (n = 2), Crohn's disease (n = 2), ischaemic heart disease (n = 1), renal calculi (n = 1), epilepsy (n = 1), hepatitis B (n = 1) and anaemia (n = 1). None of the patients in this series had malignancy or chronic renal failure and no patients were taking immunosuppressive therapy.
All patients received anti-tuberculous therapy (ATT) for a minimum of 6 months (range: 6-12 months; Table 1 ). A 6-month regime was given as minimum and the full regime was given wherever possible except in the situations where a particular drug was contra-indicated or a drug reaction was noted. Six patients (35.3%) also underwent surgical resection. Treatment was commenced in all patients with 16 (94.1%) patients completing treatment; one patient died prior to regime completion (crude mortality: 5.9%). There was one reported case of pyrazinamide intolerance and two episodes of isoniazid intolerance (acute hepatitis), which required adjustment of duration of treatment as per the National Institute for Health and Clinical Excellence (NICE) guidelines. About 15 patients (88.2%) who completed therapy had erythrocyte sedimentation rates (ESRs) and haemoglobin levels available prior to and after treatment. Mean pre-treatment ESR levels of 39.1 mm/h reduced significantly to a mean of 12.6 mm/h post-treatment (P = 0.0018). There was a corresponding rise in the mean haemoglobin level from pre-treatment levels of 101.7 g/l to post-treatment levels of 135.6 g/l (P = 0.0001) (Figure 3 ). Pre-Treatment Post-Treatment Figure 3 . Erythrocyte sedimentation rate and haemoglobin levels in response to treatment.
Discussion
The term 'abdominal TB' emphasizes the involvement of any or multiple parts of the gastrointestinal system. 6 Case series of ATB are infrequently described from the UK but our experience is supported by a number of these studies. The majority of patients in these series were from high-risk ethnic groups; 2,7-10 all of our cases were from these groups, reflecting Peterborough's diverse ethnic make-up, with a large population of people from Pakistan and India and a rising population from Eastern Europe. Patients had been residing in the UK for a significant time prior to diagnosis for most patients (3-50 years), which is longer than previously reported (mean of 7 years; range: 2 months to 20 years). 10 We did not record travel to endemic countries or contact with other people from endemic countries since arrival in the UK. Approximately one-third of patients had extra-intestinal disease, most frequently pulmonary. 2, 8, 9 The site of infection most frequently observed was peritoneal in one study 2 but ileal in others. 7, 9 ATB is a diagnostic challenge, especially in the absence of lung involvement. It tends to mimic other diseases that affect the gastrointestinal tract including Crohn's disease, tumours and other infectious diseases. Indeed, two of our patients with ATB also had Crohn's disease. The clinical presentation of ATB is usually non-specific and therefore often results in diagnostic delay and hence the development of complications. 4, 11 ATB took an average of 3 months to be considered in our study, which is similar to another UK study. 10 Abdominal pain, fever and weight loss were the most common manifestations in all series.
1,2,7-10 Diagnosis proved troublesome in many cases. Anaemia and raised inflammatory markers were found in >90% of cases in some studies 1, 10 and frequent in others. 7, 9 Diagnosis often requires some form of surgical intervention to obtain tissue samples for microbial and histological examination. In fact, all patients included in this study required some form of invasive intervention to be able to diagnose TB. Despite this, a sample was not sent to microbiology for two patients. Laparoscopy was the most effective investigation in one study, yielding a diagnosis in 23 (92%) of 25 patients. 1 We found the smear for AFB to be extremely insensitive, with only one (5.9%) being positive. This compares with 2 of 14 (14.3%) patients in one study. 12 Nucleic acid amplification tests were also insensitive and did not aid the initial management. All three patients had suggestive histology and one patient was subsequently culture positive. Nucleic acid amplification tests were positive in only 1 of 14 (7.1%) samples in another study. 12 Indeed, UK guidelines suggest the diagnosis of non-pulmonary TB should still be considered even if rapid tests are negative. 13 This follows a meta-analysis involving 212 studies that suggested NAATs were less sensitive for non-pulmonary disease. They were, however, thought to be specific.
14 IGRAs were performed on two patients. The role of IGRA testing for diagnosing active TB remains unknown. NICE concluded that IGRA tests may have a role in ruling out infection with M. tuberculosis. 9 The Health Protection Agency subsequently suggested that IGRA tests are only considered in supporting the primary diagnosis of active TB when it has not been possible to confirm the diagnosis by culture and when strong support for the diagnosis is lacking from radiological and histopathological tests. 15 Treatment should not be delayed while awaiting culture when ATB is suspected clinically. A study of 60 patients with ATB found that 26 of 31 patients who died of ATB did so within 6 weeks of diagnosis; only eight of the patients with advanced disease died after the treatment commenced. 16 Peritoneal fluid, when sent for cytological examination, typically reveals a lymphocytic exudate; 2 peritoneal fluid examination was not requested for the five patients who subsequently were diagnosed with peritoneal TB (four by culture, one by histology).
The recommended treatment for ATB is conventional anti-TB therapy for a minimum of 6 months. 4, 13 Surgical intervention was required in six of our patients to aid in the diagnosis. One of these patients required surgical intervention due to acute complications of adhesions and obstruction.
In conclusion, extreme vigilance should be used when dealing with patients complaining of unexplained abdominal symptoms as this may assist in the timely diagnosis of ATB. Early diagnosis with early anti-tuberculous therapy and surgical treatment, where required, are essential to ensure as positive an outcome as possible.
Learning points
A high index of suspicion is required at all times. ATB often presents insidiously but should be considered in any patient who presents with abdominal pain, fever and weight loss and especially when another cause is not immediately apparent. It is important to ascertain whether patients were born in a country where TB is endemic. TB often presents within 10 years of migration. It is estimated that one-third of the world population are infected with TB 5 and therefore ATB disease may be caused by reactivation of latent TB. However, re-infection from other family members and following foreign travel should always be considered. Appropriate samples must be sent to microbiology for AFB and mycobacterial culture. Biochemical and cytological analysis of peritoneal fluid can suggest a diagnosis of TB that may later be confirmed by mycobacterial culture. Microscopy for AFB of ascitic fluid and pus is often negative (i.e. it has a low sensitivity). Direct visualization and biopsy of the lesion at colonoscopy or laparoscopy/laparotomy yields the best results. NAAT and culture can be misleading, as the sensitivity is not 100%. The clinical picture is crucial. A multi-disciplinary approach involving the local TB lead (Respiratory or Infectious Diseases Physician), the Clinical Microbiology laboratory and Surgical colleagues is essential. Therapy is prolonged and close review essential as complications with ATT (e.g. hepatitis, malabsorption and drug interactions) are not infrequent. None of the patients tested in this series was co-infected with HIV. However, HIV must always be considered. The annual incidence of TB in HIV infection is 10%.
